US005417153A
' Ulllt@d States Patent [ 111 Patent Number: 5,417,153
King et al. ' 3 [45] Date of Patent: May 23, 1995
[54] FLUIDIZING SPRAY CHILLING SYSTEM [56] References Cited
FOR PRODUCING ENCAPSULATED |
MATERTAL S U.S. PATENT DOCUMENTS
3,186,909 6/1965 McMurtry et al. ....o............ 426/554
. : 3,949,094 4/1976 Johnson et al. .ccceeeerveenicrcennns 426/99
[75] Inventors: Chwan-Kong King, Edison; - 3.049.096 4/1976 JOhnSOn et al. covooeevrverrnen 426/302
- Chee-Teck Tan, Middletown; Lewis 4,201,262 5/1980 GOIAStein .....orrvvrererrrrrrrrers 239/558
G. Scharpf, Jr., Fair Haven; David P. 4,322,384 3/1982 SUHON oevoroereremcrneereerrreenen. 239/548
O’Chat, Morgan; Marvin Schulman, 4,401,019 8/1983 Leonov et al. ....coveveeeeeeneennen 99/516
- Howell, all of N.J. | 4,445429 5/1984 Czyzewski et al. ........uuee...... 99/455
. 4,534,283 8/1985 NaKAMUL2 weooreerneereemnceemeeeones 99/516
. : 5,064,669 1171991 Tan et al. weoovoeeeeeeveeeennnnnon 426/307
(73] Assignee: International Flavors & Fragrances 5,110,366 5/1992 MCGIEEOT weonvvenvencermriennne 239/548
Inc., New York, N.Y. 5,184,471 2/1993 Losacco et al. ....coeceevvnenennnene. 62/63
5,315,921 5/1994 DAVIS corueemreeereeneemeremesseenses 99/516

[21] Appl. No.: 103,595 Primary Examiner—Timothy F. Simone

Attorney, Agent, or Firm—Arthur L. Liberman

[22] Filed: Aug. 9, 1993
- [57] ABSTRACT
[51] Int. CL6 ... etaresenees A23L 1722 A toroidal sparger is disclosed for use mn a fluidized
[S2] US.ClL ...veteerreeeeereeeraeenees 99/517; 99/485 spray chilling system for the production of encapsulated
[S8] Field of Search ............cccocveuneee. 99/451, 452455, ﬂavormg and coloring agents.
99/467, 470, 471, 473-475, 4885, 487, 516, 517,
534; 426/89, 99, 307, 650, 302, 285; 62/63, 373 1 Claim, 14 Drawmg Sheets
.1..'__
315 [1ie2 185 9%
—r G ] 120
- 4~ 116
w7 AT
16 AL L/J/\. 102 T
1™ A N7
42 1 AN E
’ 7
’ 4 14
217 | ’ /
> 130 _}I4O 4 5 ;
- 324 1Y 1100 | IO
5 ’?‘ WXl / | %
319—_L)y 1 1\ ]
SN YA i

N3
132 134 64 © 168 108 06 04
ramuny U
Y “ | 5 |
160 T \/ 180 178
172 182
186
| "L D6
l lnp |
] 176
- 174
150 — % 4 10 Y
_ - 320 2
EO T — . 8
152
3 S O T
—»
158~ =& M II



,

184

BLOWN UP IN
FI1G.8 142
2 130 : T
7 I
319
. . o
1o
| L T -
132 .
> 134 164 © 168 : l l
V) — D= O s l
I > ' ) T _ 104
- LY o
. - ' o, | 180 178
LY 00 7
L " ® 0 .

320 12

. -l
BLOWN UP IN
FIG.|12




U.S. Patent May 23, 1995 Sheet 2 of 14 5,417,153

MARKETING MODEL F | G . 2
INPUT |NPUT |
: 302c

3000'“[ |_“ | 304c
—— 4 P S
304 — ‘ _]

' . _j I 315 {84

T 3l5c¢c ) v .

317¢c T I .

____-____r___l. 142 .
A L | & B

| 324(:2 - 0 319 I
bgc;_szs;“sﬂ
t_'“:'::___-.:::‘“_'! s



U.S. Patent May 23, 1995 Sheet 3 of 14

5,417,153

« FIG.3

120
e
Bl 116
VA 102
S
é 14
/
/] 100

"\\.‘1\\\‘\

138
1226
1222
1223
1224 1227
A A



U.S. Patent May 23, 1995 Sheet 4 of 14 5,417,153




U.S. Patent  May 23, 1995 Sheet 5 of 14 ' 5,417,153 .

F1G.8




U.S. Patent May 23, 1995 Sheet 6 of 14 ' 5,417,153




5,417,153

Sheet 7 of 14

May 23, 1995

U.S. Patent

FI1G.II

142

102
202

!Il"‘;.lllllllll.lll'!ll'lll’l.ﬂl’l"l.:l. 0 WA, WL W W O O O O L Y T O T O W0 W W
\./ AN TRA NS N ST N

s il il T e
[

I

]

Al A A A S LR A AR S

|

|

v 3
115

LN AN &wﬁﬁ?%.?h?aﬁ

WL A . Y, " W N S A . U WA U WO " T V. W "t Yl W AP i Y T W W A W U T O Y T W M II."‘

116

204 -

PRODUCT

I3A;13B, ETC.



Sheet 8 of 14 5,417,153

May 23, 1995

- U.S. Patent

AN A AN A Y

=

N




U.S. Patent 5,417,153

May 23, 1995 Sheet 9 of 14

FIG.13

c:( KCal/ Kg°C) ( KCal 7/ Kg) =i

IIIEI SUNFLOWER IIII'  RAPE OlL EANUT 0IL
Y160

2 IIIEIWIIIIIIIW lllllllllﬂﬂll o
RRiNi AIIIIIIIIBAIIIIIIIHIIAIII 20

T e T ee s [ Fse |
--lﬂl EERREHI IIIIII'HI.I'-II
TR T T ui-nmn- 20
II!JIH!!IIIM’E! lll[! il
o3 | || I/ J.i“‘lll
o jon| 7 ) bhur ) YT St BT
0LIVE OIL COCONUT OIL " BUTTER FAT
. IIIIIWIIIIIIIIITIIIIIIIIIIIAII "
LN AT llﬂlll IMIII
l’ II AR ] A o2 |
o AL T T reee L/ LTI T TP 7T
i vA L L] AV AL LT T LT A AT T o0

AL oA L LT VML
palla IIiFlII'IiElI'liﬁII

40 =20 0 {20 40-40 20° 0 {20140 [ 4-401-20 " 0 20
| LARD 20l ‘ TALLOW 70[h ‘ MARGARINE ‘

ﬁ m.. F |3 H (WATER FREE) i
L AL T Illlll lm .0
rozsl LA AL AT,

1.0 -llhﬂlﬂﬂlllllll'ﬂlll lﬂ!lmll
NN AR YA 1702 T77Es 20

mmazmiﬁig!wl!llmgmll .0
o e | s | [ TP e |

-40-20 O 20 40°C-40-20 0 20 40°C -40-20 O 20 40 °C

SPECIFIC | ENTHALPY=
MNE AT =C




U.S. Patent May 23, 1995 Sheet 10 of 14

FIG.13-A sunrLower
= ENTHALPY

C
LA L L L L] ] (KCal/Kg)
7020 L+ | | | | [ | g70tla
ENEEERHEEREREED4rY.
R EERERV4R
col L LI T T T XTI 1 1s0
BERIEEP4ERN

EERHEPAREEE N
EENEPJEEEEE

HERI4EEREREEY

ol L L HAT T LT

BRI/ 4dBEERRREPY.
ERR/NEEEENE

c= SPECIFIC ..”"!!!!EE o
HE AT ;E‘HI....I.
(KCal/Kg °C) .-....-.. TEMP

-20/ 0 20 40 °C
703a

RAPE OIL ., i= enTHaLPY

.. ‘ T8 (Kcat/ ks )
" SPECIFIC TR T T TX] e0
A EEERERIIEEPV4R

(KCal / Kg °C) 20 .....“.'A'.- 50
B EEEEEHY4AEEN

HEEERED4EEEEpY
HERENIIEEENN)
EEENE RN

- 30
EEEEIIIEEEEE
R TIHEEEEPY.

T L 7026
i e g

BN

HEN

B

BE4dEEEEREEN

AL IA T LT 11 1] TeEmp

.40 -20 O ) 20 40°C
 703b

C

F1G.13-B

5,417,153



U.S. Patent May 23, 1995 ‘Sheet 11 of 14 5,417,153

FIG.13-C

O
i
o
-
| a—
O
—

i=ENTHALPY
( KCal/ Kg)
70l1c¢c

o)
O

702c¢

HEIERE

ENAREN

AV EEEN

=l | | |

ENEEEE
S

2.0

H
B
B
=
B
ANEEEEN
HEEEAvNEEEE
HEEEEANENE
EEEEEEANEE
HEEEENEANE
O
o

P
O

i
i
B
e
=
A
N

O
O

0 lllﬂ'ﬂ__lll
Sl L AT T T 20
HER//4BEEEEN

LA 111 0

uyd/iliEiERn
SPECIFIC HEAT |4 | Al [ [ 1 1 11 ]7emp

(c=KCal/Kg°C)-40 -20\ 0 20 40°C
703¢c




U.S. Patent May 23,1995  Sheet 12 of 14 5,417,153

OLIVE 0L

F l G |3_D C i= ENTHALPY
' ’ . T 1T T L1L 1Tl 1] (KCal/Kg)
- T g0
T T T 1 so
T
ool LI LI T T IAL L 180

EEEENEVAEEEA
AR VAREREDH
EREEEViEEEER
T

o LT A A T e
EEERAZEEEEEP

A
roza T IATT LIIE] |

_ aV4di/iEEEEEN
sPeCIFIC HEAT=c WA 1 1L 1 L1111 ITemp

(KCal / Kg°C) 40 -20,0 20 40 °C
7034

COCONUT 01L
c i= ENTHALPY

T T T T T T JA (keal/ ko)
Ll AT Tole
TT T T T T BV 11 eo

HEEEEEREIZEEN
vo ITTTTT T <
EREERENAEEN
EEEEEEYHEEE
HEEEERIiHERR
ENERENAEEE
o L L LI TIANLT
T 2o
o ifltiAalntri
S~ AT /TN

_ PEA AT LD
speciFic HEAT =¢ LA | | LRI 1T 1 1 11 TeEmp

(KCal/ Kg °C) 40 -20 O

e FIGI3-E




_ U.S. Patent May 23, 1995 Sheet 13 of 14 5,417,153

KCal

. F l G|3_F BUTTERFAT  ENTHALPY (=)

c
c- speciFic L L L L1 1 L1 [ | roif
HEAT EEREEEEERNZ
ccol [T I T T T T A L eo
oc LTI TIAL
2.0 .-.....l... 50
HEEEEREN4EEN
LIl IA T lae
EENEENAEEEE
EEEEED EEEE
o T T s
....lﬁ.!&--zo
BEERRZAV A N\EE Y
HREP
Y
A

—
28D ANLSY: g
AT
BE4ERENEN
-40 20 O

O
20 40 °C TEMP

"LARD

SPECIFIC= C 70lg  i= ENTHALPY

NEAT [T TITTTITTI (xcal/Kg)
(KCal/kg*O) T T T T [T [ [ 1A
T T T T T T TIVIleo
T T T I IA L
ool LIIT T I T T T 1 ls0
T T T AL
REEERRERYEENP
AT
T T RA T T 20
o LI T AT T 703,

REEEVHRHIZ NP
AN AN

£

=

B

O

702¢

B
' l
Fl G '3-6 !I?

-40 -2

LTl L M0
H4ERERE
A 11111 ] TeEmp

0O 20 40




U.S. Patent

May 23, 1995 Sheet 14 of 14 5,417,153

F1G.13-H
TALLOW

c i= ENTHALPY

IIIIIIIIIIH (KCal/Kg)
lll.lllll'll 60
......-'g‘ 701 h
2.0 IIIIIIII'II 50
EREENEERVIEE
IIIIIII'III

1.0

SPECIFIC HEAT

"..-V.IIII TEMP

(KCal/ Kg °C) 40 -20 0] 20 40°C
- - 703
MARGARINE
SPECIFIC HEAT = ¢ (WATER FREE) iz ENTHALPY

KCal/Ke®Ch MTTTTTTTTTT] (kcat/ k)
HEEREERERNZ aCh
HEEEEEE N4y
el iAl
2ol LI T I IV IS0
LA
HEEEEEDARNN P

EEEEERV/EREE
...--...-.. 30

ol L LT L/l pa T
BRERRVY2S ZHE P
LU VA X A 702;
..UA-'H..!Elo

FIG.I3-g BT o



5,417,153

1

FLUIDIZING SPRAY CHILLING SYSTEM FOR
PRODUCING ENCAPSULATED MATERIALS

INTRODUCTION AND BACKGROUND OF THE
INVENTION

The present invention relates to a novel spray chilling

system for producing controlled release flavoring and

coloning agents. More particularly, the invention relates
to apparatus and processes for obtaining generally solid
flavoring and coloring agents which can be used to
release flavors and aromas and coloring in a balanced
manner, as for example, for foods.

There is increasingly a need for flavoring agents
which provide for a controlled release of flavor during
heating or other phases of pre-consumption prepara-
tion. Thus, in microwave cooking, because the cooking
time 1s so short, there is not enough time for foodstufis
cooked in microwave ovens fully to develop their fla-
vor. Accordingly, there is a pressing need for flavors
which can be added to microwave foods to impart de-
sirable flavors to the foods. |

The flavor for addition to microwave foods for cook-
ing 1n a microwave oven can be a finished typical flavor
of that food product or it can comprise precursors
which will produce the typical flavor of the food prod-
uct during the short cooking time. When flavors are
incorporated into foodstuffs destined for microwave

cooking, the flavors added will be subjected to micro-

wave heating as the food is cooked by microwave. This
requires that the added flavor should be able to with-
stand the microwave heating.  While the food is being
cooked in the microwave oven, steam is internally gen-
erated inside the food, and a steam distillation effect also
results. Therefore, the added flavor must be able to
remain in the food and not be steam-distilled out.
Encapsulation of flavors has been used in the past.
Such encapsulation sought to protect the flavor from
oxidation, to prevent it from evaporating, and {o con-

vert flavor products 1n liquid form to solid form. Con-
ventionally, hydrocolloids such as starch, dextrin, mal-

todextrin, gum arabic, gelatin, and the like are used as
the carriers or the encapsulation agents. Products of this
type of encapsulation are water-soluble. In the flavor
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industry, the most common procedures for producing 45

encapsulation products are spray drying, and to a lesser
extent, extrusion and coacervation techniques.

For producing water-insoluble products, it has been
customary to coat spray-dried powder or some other
solid form of the flavoring materials with fat or wax.

‘The application of the fat coating 1s commonly done by

fluidized bed coating or spray chilling. When a spray-
dried powder is used as the core material, the process is
calied double encapsulation.

British patent 767,700 shows a method for making
particles comprising encasing inner articles which con-
tain a fat-insoluble vehicle carrying fat-soluble vitamins
in a moisture-resistant substance i which the fat insolu-
ble vehicle is insoluble. U.S. Pat. No. 3,186,909 relates
to a method for melting a composition containing fatty
alcohol esters derived from sperm whale oil, adjusting
the composition to 90° C. adding urea to the composi-
tion and dissolving the urea, and adding fish liver oil
and vitamins to prepare a homogeneous mixture. If

U.S. Pat. No. 3,976,794 shows sweetened coconut
products coated with a powdered sugar containing
particles of sugar coated in edible fat. U.S. Pat. Nos.
3,949,094 and 3,949,096 show a process for preparing
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various flavorings, colorants, and flavor enhancers
coated with various fats and emulsifiers, the process
comprising spraying condiments which are intercepted
by a second spray of certain edible coating materials.
These prior art processes are capable of only putting
limited quantities of flavor material into the finished
product. |

Except when spice powders or pure chemical pow-
ders, such as citric acid, ascorbic acid, and glucono-del-
ta-lactone are used, the flavor loading in the fat-coated
spray-dried powders 1s low, that is, the quantity of fla-
voring composition in the powder is relatively low. For
example, in spray-dried flavor powders, the flavor load-
ing 1s usually 20 percent. Extrusion encapsulated flavors
usually have flavor loading of only 10 to 15 percent.
When these powders have an additional coating on top
of their original coating, the final loading of the flavor
will be reduced still further. Depending on how much
fat can be coated on the spray-dried powders, the flavor
loading can drop to less than ten percent in double
encapsulated powders. A flavor powder with only ten
percent active flavor content is of lesser practical inter-
est, unless the flavor is a very powertful one.

An mmproved process is described in U.S. Pat. No.
5,064,669 but the art has been further developing to
obtain even greater benefits and improvements.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
apparatus for preparing encapsulated flavors from solid,
liquid, or mixed flavors. The release of the flavors from
the encapsulated product is through the use of various
solid products that can be prepared by the apparatus of
this invention.

The above and other objects of the invention can be
achieved by an apparatus for forming spray chilled
encapsulated food additives which contains the follow-
ing components:

a) an upright vertically positioned enclosure enclos-
ing a working three dimensional space. This enclo-
sure has
1) a vertical central axis;

ii) an upper section surrounding the central axis;

1) a middle section surrounding the central axis
vertically located below and immediately adja-
cent of the upper section; and

1v) a lower section surrounding the central axis and
vertically located below and immediately adja-
cent the middle section. Further, the enclosure
has vertically enclosing sidewalls surrounding
the central axis having;

1) an inner vertical surface;

ii) an upper circumferential edge atop of the
upper section; and

1) a lower circumferential edge at the bottom
and the lower section;

iv) a top horizontally positioned lid supported by
the vertically enclosing sidewalis of the enclo-
sure and located on the upper circumferential
edge having at least one gas exit orifice there-
through; and

v) a base cover supporting the vertically enclos-
ing sidewalls located on the lower circumfer-
ential edge having at least one solids exit ori-
fice therethrough located within said lower
section horizontally positioned in a first cross-
sectional x-y plane.
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There is also provided first compressed gas transmis- -

sion means directing a first set of compressed gas mole-
cules along substantially vertical directional vectors Vi,
from the lower section towards the upper section sub-
stantially adjacent the entire inside circumference of the
vertically enclosing sidewalls located within the upper

sections. Horizontally positioned second compressed

gas transmission means are provided for directing a
second set of compressed gas materials (5) along sub-
stantially vertical direction vectors V;,; from said upper
section towards said lower section and (ii) along a set of
directional vectors V; extending inwardly and down-
wardly from said upper section towards said central axis
and said middle section at an angle © between said
direction vectors Vjp and said directional vectors V.

10

15

Solidifiable molten fluidic substance nozzle feeding

means are provided for feeding solidificable molten
fluid particles in a substantially vertical direction along
directional vector Vg from said upper section towards
said middle and lower sections.

The apparatus of the invention is used to carry out a

20

process for preparing particulate flowable flavoring

powders by heating a high melting point encapsulating
or enrobing material, such as a fat and/or wax and one

or more emulsifiers to melt this starting material; mixing
~ one or more water-containing flavor compositions with
a texture conditioning agent; mixing the flavor composi-
tions and optional texture conditioning agents(s) with
the molten fat or wax to obtain a homogeneous mixture
in the form of an emulsion; and chilling the flavor com-
position-containing mixture to provide discrete parti-
cles of solid encapsulated flavoring agent. The powders
of the discrete particles prepared according to the in-
vention contain at least about ten percent of flavor
CoOmposition.

The novel apparatus of this invention facilitates and
enables the conversion of liquid, and particularly aque-

ous liquid, flavors to a readily usable powder form with 40

both flavor oils and aqueous flavors. Flavors can con-
tain up to 50 percent water. Most of the water is re-
tained in the powder, and very importantly, the original
fresh flavor is retained in the product. Moreover, the
low temperatures permitted in the present processes
cause little or no thermal damage to subtle flavor com-
positions. Generally, the flavor composition contains
from about 15 to about 50 percent water, and in some
preferred embodiments, from 30 to 50 percent water.
It has been found that the stability of the flavoring
powders that can be prepared with the apparatus of this
invention is comparable to that of the original flavor
composition under the same storage conditions, so that
the flavoring powders are stable, while at the same time
remain capable of releasing the desired flavor when
heated in the course of normal food preparation. No

caking of the flavor powder has been noted, even with

storage at temperatures as high has 122° F. (50° C.).

BRIEF DESCRIPTION OF DRAWINGS

The mvention is further described with reference to
the accompanying drawings wherein:

FIG. 11s a flow diagram of processes for producing
the solid flavoring particles in accordance w1th one
aspect of the invention;

FIG. 2 1s a flow diagram according to another aspect
of the invention;

25

30

4

FIG. 3 is a partial cross section of a modified spray
chill apparatus showing vectors according the present
invention;

FIG. 4 is a cross section of the spray nozzle according
to the mvention;

FIG. 5 is a view of a particle created by the apparatus
of the invention to illustrate the flow of gases;

FIG. 6 is a schematic representative of a particle
formed in practicing the invention;

FIG. 7 is a graph of the pressure produced with cool-

ing;
FIG. 8 1s a piping dlagram used in carrying out the

| mventlon

FIG. 9 is a top view of the fluid distribution ring;

FIG. 10A is a perspective view of the toroidal ring
gas dispenser of the invention;

FIG. 10B is a cross-sectional view of a section of the
toroidal ring shown in FI1G. 10A; |

FIG. 10C is a partial perspective view of another
embodiment of the toroidal ring gas dispenser of the
invention;

FIG. 10D is a partlal view of the cross sectlon of the
toroidal rmg shown in FIG. 10C;

FIG. 11 is schematic cross-sectional view of an appa-
ratus according to the present invention;

FIG. 12 is a schematic flow diagram ﬂlustratmg part
of the apparatus of the invention;

FIG. 13 is an overall graph of a plot of various encap-
sulating agents and their specific heat and enthalpy;

FIG. 13A i1s a plot of specific heat and enthalpy ver-
sus temperature for sun flower oil;

FI1G. 13B is a plot of specific heat and enthalpy versus

~ temperature for rape seed oil;

35
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FIG. 13C is a plot of specific heat and enthalpy ver-
sus temperature for peanut oil;
- FIG. 13D is a plot of specific heat and enthalpy ver-
sus temperature for olive oil;

FIG. 13E is a plot of speclﬁc heat and enthalpy ver-
sus temperature for coconut oil; |

FIG. 13F is a plot of specific heat and enthalpy versus
temperature for butter fat;

FIG. 13G is a plot of SpEClﬁC heat and enthalpy ver-
sus temperature for lard;

FIG. 13H is a plot of Speciﬁc heat and enthalpy ver-
sus temperature for tallow; and |

FIG. 13] is a plot of specific heat and enthalpy versus
temperature for margarine.

DETAILED DESCRIPTION OF INVENTION

The apparatus of this invention is used in Fluidized
Spray Chilling which is an encapsulation process of
producing controlled released powder form products.
This process itself is known in the art and has been
proven in production scale (450 Ib/hr) in the production
of a number of innovative flavor, fragrance and other
applications. The advantages of the fluidized spray
chilling process using the apparatus of the include supe-
rior consistent product quality, ease of operation, ease
of cleaning, high throughput, operation un-affected by
the weather, compactness in space, safe and low operat-
ing cost.

Briefly summarized, the known process 1s divided
into seven phases;

(1) raw material pre-melting phase,

(2) in-line blending/homogenization phase

(3) chilling phase, -

- (4) atomization phase,

(5) fluidization phase,
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(6) product collection phase, and

(7) cleaning phase. | |
Each phase has a significant impact on the overall per-
formance of the quality and efficiency of the system.

In the raw material pre-melting phase, carrier fat
material/emulsifier and target encapsulating material
were handled separately. An important design consider-
ation was to minimize contact time between hot melt fat
and target encapsulating material. Therefore, thermal
damage or volatile loss can be minimized during the

10

entire process. Fat and emulsifier were pre-melted in a

scraped surfaced tank at 165°-180° F. Volatile or bio-
logically active liquid form ingredients were stored in a

low temperature controlled closed vessel. As for paste

form material it can be pre-melted at its minimum
pumpable temperature, for example, 100°~120° F. Both
streams were pumped and ratio controlled by mass flow
meters to maintain constant loading.

- In the in-line blending/homogenization phase, hot
pre-melt material was in-line injected with volatile or
heat sensitive flavor and fragrance material at con-
trolled ratios. The mixture was then passed through an
in-line mixer and a one or three stage in-line homoge-
nizer to form a uniform mixture. Temperature of the
mixture prior to atomization is in the range of 160°~170°
F. Since the volatile or heat sensitive material has a
short residence time in contact with the hot carrier
material, the finished produce has superior volatile re-
tention. In addition, based upon microscopic examina-
tion, the kinetics of fat crystallization under liquid nitro-
gen form a tighter and smoother film to protect the
‘volatile loss. |

In the chilling phase, chilling media (for example,

liquid nitrogen) was controlled with dry compressed air -

to reach the designed temperature. This mixture was
-sprayed concurrent towards the atomized droplets at a
special pattern through a custom designed distribution
system. (FIGS. 9 and 10A). Droplets were crystallized
and co-gelled by the turbulent chilling media, leaving
only solidified and encapsulated particies.

In the atomization phase, feed slurry is converted into
a cloud of finely dispersed droplets, either two fluid
nozzle or centrifugal nozzle, and concurrently dis-
charged into the turbulent chilling media by cryogenic
freezing. The resulting drastic increase in the surface
area available for heat and mass transfer causes instant
formation of a semi-permeable fat crystallized film. This
film functions as a protective membrane in reducing the
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volatile loss. Therefore, residence time for internal heat s

transfer and further fat crystallization can proceed until
droplets reaches their terminal velocity.
In the fluidization phase, a separate compressed air

stream 1s introduced from the bottom of the chilling -

chamber. This controlled flow and pressure jet stream
forms a centrifugal fluidization flow toward the down-
ward flowing disintegrated droplets. As these droplets
reach their terminal velocities, this vertical and tangen-
tial velocity through the cross section of the chamber
has a great influence on the efficiency of the process. It
forces a change in the powder flow pattern, and back-
mixes the chilling media in the chamber. As a resuit,

powders have longer residence time in contact with the

chilling media to prevent wall built-up. Also, this coun-
ter-current jet flow promotes turbulence for the atom-
ization zone that astronomically increases simultaneous
heat, mass, and momentum transfer rates. In comparing
of the size of equipment, the system has high through-
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put (capacity) among all other spray drying or spray
chilling equipment.

In the product collection phase, solidified and encap-
sulated particles leave from an attached vibrator. This
vibrating force also transmits to the material in the
chamber wall to prevent wall build up. The exhaust gas
is discharged through the top of the chilling chamber.

In the cleaning phase, the straight chamber design
without cyclone and few dead spots simplifies the clean-
ing step, minimizing the loss of small powder particles.
CIP nozzle enables reduced cleaning time and simplifies
the cleaning procedures. These features reduce the
operating cost, and prevents the steam release of odors
during cleaning.

These are a number of engineering considerations for
the design of a fluidized spray chiller including the
following:

1. to obtain optimum utilization of the total chilling

capacity;

2. to reduce volatile and heat transfer losses to the
surrounding atmosphere to a minimum,;

3. to control the chilling media temperature and dis-
charge product temperature to yield consistent
quality; and

4. to ease cleaning procedure for frequent changing
batches.

In this invention, design and control factors of the
fluidized process system are based upon mathematical
models that simultaneously applies balance, kinetic and
transport equations. The flow diagram of the process
design of the fluidized spray chilling system is shown in
FIG. 1.

FIG. 6 shows an illustration of a droplet solidified in
chilled air of a constant temperature. The 1nitial radius
of the droplet is Ry and it shrinks to R at time t because
of the loss of volatiles contained in it. For simplicity, it
postulated that;

i) the droplet consists of three components water,
melt fat and is a trace amount of a flavor compo-
nent,

ii) these components are transferred only by molec-
ular diffusion,

iii) the additivity of volume yields among them,
and

iv) no bubbles or crystals appear during chilling.

Then, the equations governing the movement of the
moisture and flavor components are obtained by ther-
modynamics of irreversible process. These equations
bave been formulated by Kerkhof and Schoeber (1974)

as follows:

(1)

The heat balance on the droplet gives the equation of
change for the droplet temperatures as:

(Cpm/ 17 Rz)dT m/dt—=h g(Tb —Tp)— kg(ow —Dwh)YYw 3)

where C,n, is the specific heat capacity of the droplet
which is given by the following equation.
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The initial and boundary conditions of Eqgs (1) and (2) 5 -
are as follows: _ (10)
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Yl -+ uy) 3Cw ) o0 kgaPai ~ Pab)

30

The diffusion coefficient of Dy, appears at the right
hand side in Eq (2) is so-called “cross diffusion coeffici- ;¢
ent” which is emerged in the process of derivation of
Eq. (2) by thermodynamics of irreversible process.
Physically, the term Dy{6c,/01) indicates the amount
of the flavor component transferred by the moisture
concentration gradient. Kerkhof and Schoeber (1974)
showed that the coefficient Dy, could be derived by
diffusion coefficients of water Dy and flavor component
D, as follows:

Da=DaDS1nH/Scy)—DuVu/(1— i)} ©

| 45
where H; is the modified activity coefficient of the
flavor component which is related to the activity A, as:
Ag=H aca (7)
Chandrasekaran and King (1972) and Tsujimoto, Mat-
- suno and Toei (1982) showed that H, was the function
. of moisture content only. As is indicated in FIG. 1, the
droplet shrinks during drying. Therefore, it is very
difficult to solve Eqgs. (1), (2) and (3) numerically under
the fixed coordinate of r. In this case, substantial coordi-
nate o, which was used by Kerkhof and Schoeber
(1974) and Wakabayashi, Yamaguchi, Matsumoto and
Mita (1977), was applied to Eqgs. (1) and (2) in place of ,
r-coordinate. The coordinate o is defines as:

35

| r (8)
o = f . covsridr
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Introducing new variables uy=cyVy/csVs and ug=-
Cq/CsVs instead of ¢, and ¢z, we can rewrite Egs. (1) and
(2) as follows: |

50

. .
where ¢ (= J' - ,ﬂdr} is the total volume of the
_ 0

dissolved solid and i1s invariant during chilling. The
amounts of flavor component and moisture retained at
any time in the droplet can be obtained as follows.

3 d 3 ¢
- udo, = J’ uwdo
Rg’c§ f 0 Y Ro’cd 7 0

(12)

U +

‘Crank-Nicolson’s implicit method was applied to

solve Egs. (9) to (11). Dependence of diffusion coeffici-

ents D, and D,, and of activation energies Eyand E,on
water content are formulated by polynomial equations
of weight fraction of melt fat mass transfer coefficients
are given by well known equations proposed by Ranz
and Marshal (1952). |

Modified plank equations for freezing time 1s:

AH D D2
f = "EHTDAT [Ph +R-F 5']

tr=time to freeze the external layer of droplet
AT =The difference between the heat transfer (freez-
ing) medium temperature and the temperature of
freezing of the droplet: |
D: The radius of the droplet
h: The overall heat transfer coefficient from medium
to droplet surface
ks: thermal conductivity of frozen droplet
P, R: and EHTD (Equivalent heat transfer dimen-
sionality) are geometrical factors dependent on
resistance to heat transfer and the shape of the
droplet
AH: enthalpy change which arises due to freezing
The nozzle exit velocity for a pressure flow nozzie
can be calculated. | |
The nozzle exit velocity is one of the key factors
affecting the spray formation. |
For the calculation of the exist velocity it 1s necessary
to make the following assumptions:
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1. The calculation is valid for the pressure flow noz-

- zle as depicted in the drawings herein.

2. Stationary liquid flow is considered.

3. Orifice diameter does not exceed 2 mm.

4. the fluid 1s Newtonian Bernoulli’s equation for flow
between positions 1 and 2 can be written as

u1? z sz | (A)
— + g 2

5 =

P2 u2
pL 2

Pi
PL

Thus, the outlet velocity can be expressed as follows:

uz=¢(2 +u12)

where 1s velocity coefficient. For liquids, is usually
determined experimentally and its values range from 0.9
to 0.99. o

Equation (A) and (B) are valid for ideal Newtonian
liquids and they do not include any physical parameters
of the sprayed liquid.

In case of atomization of food and chemical materials
whose properties are far from those considered for ideal
liquids, it is useful to express the outlet velocity in terms
of the liquid properties. Most of the solutions to be dried
are usually preconcentrated up to the level of 50% dry

(B)
p1 - p2
PL

d

10

15
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matter content. Under these conditions the concentrates

are highly viscous and it is safe to say that approxi-
mately 70% of these materials can be classified as non-
Newtonian ones. Velocity caiculation for these liquids
has to be approached in a different way. Ligquid disinte-
gration mechanism 1s based on the following relation-
ship which has been derived from experiments.

—0.8
PL )
Pa

We, Z and Re are defined by equations (1), (2), (3)
shown below uy, is the critical liquid velocity at which
the atomization begins, is substituted for uz'. Upon sub-
stituting uz, into (C) we can obtain the following ex-

(&

e 5015

pression:
0.434 _0.967
up’ = 1631 oL  PL ;0133 D)
— A 567 0.4 ©L
dy>®" p;

This equation enables calculation of the critical velocity
of a Newtonian liquid by means of liquid properties and
nozzle diameter. In the case of non-Newtonian Iiquids,
Eqg. (D) has to be rearranged by applying an apparent
viscosity. It is feasible to assume that the non-New-
tonian liquid 1s a pseudoplastic one since in industrial
practice this is the most common fact. Such a liquid
~ follows the well-known power law instead of Newton’s
law:

=Wy Newton’s Law (E)
where the dynamic viscosity is a parameter of the lig-
uid. The power law 1s expressed as

r=Ky" @

where the consistency coefficient K and the flow index
n are |
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(G)

Tw
Hap = o

where 7, is the shear stress at the wall and vy 1s the
shear rate at the wall |
For a power law fluid 1n tube flow

Ty = K'?wu (H) .
and
. _ 3n4+1 (I
Yw = _ﬁ;-—" Dy,
so that

n 8)
ro=k( 2] o

Substituting (J) into (G) we obtain
n (K)

3
uap=K("“’%‘l"BWJ ~ 1

The quantity D, can be calculated directly using the
liguid flow rate and nozzle diameter

3201, L
Dy ==
¥ x dp3
Thus, the apparent viscosity from eq. (K) 1s
M)

32071
x dp’

e (e Y2)]

Ohnesorg attempted to correlate the liquid break up in
terms of the Reynolds number, dimensionless number
Z, which 1s expressed as a ratio of the Reynolds and
Weber numbers:

uyr dn pr (1)

BL

Re =

oL

We

pr’ )
oL PL 4n

We
Re?

zZ =

The apparent viscosity is a very useful quantity
which enables comparison between Newtonian and
non-Newtonian fluids under the same flow conditions,
i.e., identical shear rates. It can be also applied in vari-

- ous momentum and heat transfer relations replacing

65

dynamic viscosity.

For nozzle atomization, the apparent viscosity is sub-
stituted in eq.(D) so that the critical exit velocity can be
calculated for the pressure nozzle and pseudoplastic
liguid: |

(N)
0‘0'434

0434 ;0967 N
¢ i

ULNN = 1631 70567 04 [K ( 4n ) -
r Pa
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-continued
320,
x &p3

(Fe) |

Calculation of exit velocity for the pressure swirl nozzle
From the continuity equation it follows that

2 2 (Q)

dl dﬂ n
x{ 5 uy = 2x 3 b ugx

The inlet velocity of feed liquid can be calculated as

e oL M ®)
51 2% (d1/2)* pL

The axial outlet velocity Ugxis calculated from eq. (0) as

d
ax = =5 U1 Q
and radial outlet velocity is given by
P R)
¥rgd = 7. U1

n—1_0.133

10
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complied with the selective diffusion theory by Thijssen
and micro-region theory by King.

Based on this theory and their experimental results,
we designed this system to minimize loss in the atomiza-
tion step by intensifying the rate of liquid droplet solidi-
fication near the atomization. We designed a special
sparger ring (F1G. 9) with a nozzle directed toward the
entire droplet break-up zone. By using dynamic disperse
low temperature chilling medium (consisting a mixture
of liquid nitrogen and compressed air) circulating
around the entire chamber, volatile loss in spray drying
can be almost prevented in our fluidized spray chilling
process. This unique sparger ring design can enhance

heat, mass, and momentum transfer rates between the

15

20

chilling medium and hot atomized droplets. Thus a
uniform chilling temperature around the atomization

zone quenches the atomized liquid droplets immedi-

ately. By adjusting separate compressed air and liqud
nitrogen pressures and flows through an ejector, the
spray chiller can provide a different chilling tempera-
ture and capacity for the atomization zone. As a result,

- each encapsulated product can be processed under its

25

30

Upon rearrangmg these equations, we obtain the result- :

ing expression for the outlet liquid velocity:

42 = (Uogg + o))" (S)

that 1s,
2 2 0.5
My Mp d>
“2=1\x%pr0,) "\ xdidnpz

The energy dissipation is neglected in this derivation.
Equation (2) can be applied for both Newtonian and
non-Newtonian liquids. |

There are two distinct regimes are visualized in the
spray chilling chamber. The first zone is the nozzle zone
where droplets decelerate from high initial release ve-
locity to radial velocity. The second zone is the fluidiza-
tion zone where droplets are entrained by the tangential
swirling air jet from the chamber bottom. The droplet
motion is mainly influenced by both chilling medium
and tangential air flow dynamics of the air.

Tangential fluidization gives easy material transport,
high rates of transfer while preventing local un-even

distribution.

- The process kinetics of chilling a given product are
determined from experimental chilling rate data, 1.e.

35

45

50
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kinetics of fat crystallization under controlled condi-

tions. Other important properties are fluidization gas
velocity, fluidization point (i.e. particle size distribution
below which fluidization is possible), and heat transfer
coefficient for immersed chilling surface.

Compared with spray drying, Kieckbusch and ng
(1979) reported large volatile losses (usually more than
50% of the total volatile present) within 10 cm of the
centrifugal pressure atomizer. Their calculation indi-

cated that, once drops were formed, the aroma losses

were entirely liquid phase controlled. Their findings

60
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optimum temperature and throughput, according to
their material properties and heat sensitivity.

In addition to the selective diffusion theory, mflu-
ences of the volatile behavior during the chilling pro-
cess can be attributed to the droplet trajectory in fluid-
ization. For the calculation of the droplet trajectory
knowledge is required of the air flow pattern in the

dryer, as-well as the drag forces exerted on the parti-
cles.

This new system allows use of the spray chill for
highly volatile flavor and fragrance materials of liquid,
paste or powder at wide loading level. Using a typical
sour cream flavor as an example, with sensory evalua-
tion, it was discovered that the new process has im-
proved 50% in strength as compared to the regular
product. After examination of the product under a mi-
croscope (See FIG. 13), it was found that low chilling
temperature can affect not only kinetics of fat crystalli-
zation, but also form different types of thin film around
the droplet. Based upon the selective diffusion theory,
this film can cause drastic differences in the quallty of
the microencapsulation product.

This new system allows spray chill of highly heat

sensitive biological material to form an immobi]j.zed

form.

Also, this new system allows a spray chill of Spray
dry powder, or other powder type flavorings.

Still further this new system allows the production of
new control-release conventional pesticides, semio-
chemicals such as pheromone, natural products, living
microbial pesticides, and newer, more liable material.

FIG. 1 shows a fluidized spray chiller system in ac-
cordance with the present invention in a schematic flow
diagram. The fluidizer spray chiller 1 is formed of up-
standing wall 102 and is fitted with toroidal spray ring
120 which in turn is fitted with a central spray nozzle
122. Liquid nitrogen or liquid carbon dioxide is fed from

source 2 through line 130 and valve 317 and by-pass

valve 319 through mixing device 140 in line 142 to the

top of manifold 120. Pressure gauge devices 324 deter-
mine the pressure in the system. Compressed air from
source 132 is fed in line 134 metered by valves 136, 320,
and 326 and conveyed by line 138 to mixing device 140.
Gaseous components flow from the manifold 120 as

- indicated by the flow lines 116 and 117 in a downward
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direction. The path of the product which is introduced
through nozzle 122 is indicated by the arrows 115.

Compressed air from feed source 104 is conveyed
~ through line 106 through valve 108 into line 110
through the air inlet 112. The stream of air is indicated
by arrows 114. Exhaust 1s provided through vent 185 at
the top of the apparatus.

Product recovery is obtained in contains 13A and
13B.
- Jacketed tank 3 is provided with a stirring device for
feeding the eventual product to the manifold 120. The
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liquidified product is conveyed by line 158 through -

positive displacement pump or other similar pumping
means 3 along line 154 to the pomnt of entry 156 of the
closed flavoring feed tank 4. The flavoring tank flows
through line 150 and valve 152 and converges with the
product line at point 156. The static cutter or mixer 6 is
in line 154 and leads to in line homogenizer 7. A mass
flow meter 8 1s inserted in line 160. Recycle is permitied
through line 116 and 1s controlled by valve 166 into hne
186 for return to jacketed tank 3.

Valve 168 permits flow of product into line 170 for
conveying to jacketed balancing tank 9. Product flow-
ing out of tank 9 proceeds through valve 172 and into
progressive cavity pump 10. Thereafter, the product is
conveyed along line 174 to strainer 11 and then into the
flow line 184. Valve 320 permits bleeding of the line. At
point 182 pressure release tank 12 1s attached through
line 178 and valve 180 to complete the system.

FIG. 2 is a flow diagram having superimposed a
diagram showing computer connections for providing
marketing input 300 and model input 302 through lines
300C and 302C, respectively. Control is provided by
the computer at 304. In FIG. 2, the designator *‘c”
indicates the computer connections whereby control 1s
achieved in the overall operation of the system of the
invention. _ '

FIG. 3 shows the fluidizied spray chilling apparatus
tank. Enclosure 1 1s provided with upstanding vertical
walls 102 and fitted with the conduat for product intro-
duction through line 184 through manifold 120 and

spray nozzle 122. The gases enter the manifold sparger

120 through line 142. Gases are introduced into the
system in a vertically downward direction 116 and also
at an angle 117. Compressed air is introduced through
an appropriate injector 112 and travels upwardly 114
into the downward stream 115 of the product. Excess
- gases are vented through 185. The pressure 1S con-
‘trolled by a valve 315.

Product is recovered selectwely at 13A and 13B.

FIG. 4 shows a cross section of a suitable spray noz-
zle of the invention showing the inlet side 1221, the top
of the nozzie 1226, the bottom end of the nozzle 1227,
the opening 1225 and the interior wall 1222, the taper-

15
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FIG. 8 1s a view of a portion of a portion of the flow
diagram showing schematically in FIG. 1 and illustrates
the tank containing the liquid nitrogen or the liquid
carbon dioxide 2 which flows into line 130 is controlled
by valves 317 and 319 to enter into the mixing device
140. At the same time compressed air in reservoir 132
enters line 134 and is controlled by valve 136 and passes
through line 160 into the mixing device 140. It flow is
controlled by a plurality of valves 326 and 322 in line
138. After mixing the composition flows through 142 to
the manifold 120 (not shown).

FIG. 915 a top plan view of a toroidal manifold 120 of
the invention showing the openings 116A that are ar-
ranged perpendicular to the central axis of the manifold °
and essentially parallel to the walls of the fluidized
spray chiller tank. Openings are located along the rim to

- permit the flow at an angle into the central area of the

20
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ing section 1223 and the final straight section 1224. The

diameter of the opening at 1225 is indicated by d,.

FIG. § shows what theoretically happens in the flow
of a particle 113 being exposed to the downwardly
flowing mert gases 1152 and the upwardly flowing air
114. The air would be flowing over the surface of parti-
cle 113 according to flow patterns 113A, 113B and
113C.

FIG. 6 shows a droplet 113 in air with initial radius
R, which shrinks to R.

FIG. 7 shows a graph of the concentration changes of
Cw (water) and Cn (flavor) with time and the change of
pressure. | |
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chiller space towards the center of the toroidal ring
formed by the manifold. The centrally located spray
nozzle 112 directs out the product spray in a radially
downward direction 115.

FIG. 10A shows a perspective view of a toroidal
manifold 120 with liquid nitrogen or liquid carbon diox-
ide entry port 142. Openings 117A permit the inlet gas

10 flow out in a radially downward and inwardly direc-

tion. Ports that are located on the under surface of the
manifold permit the gas to also be introduced in a verti-
cally downward 116 direction. The centrally located
spray nozzle 122 has connection 184 for delivery of
product line which is then sprayed downwardly indi-
cated by the arrows 115.

FIG. 10B is a partial cross sectional view of the toroi-
dal ring shown in FIG. 10 and shows the downwardly
directed openings 116a projecting the gas in a down-
ward direction 116'. The opening 117'q permits the gas
to flow in a radially inwardly and downwardly direc-
tion 117'.

FIG. 10C is another embodiment of the manifold
120’and shows the respective openings 116'a and 117'a
for directing the spray vertically downwardly 116’ and
radially, inwardly, and downwardly 117'.

FIG. 10D is a partial cross section of the toriodal
shown in FIG. 10C.

FI1G. 11 shows an another embodiment of the inven-

tion where the wall 102 of the chiller device has an

interior portion 202 fitted with ribs 204 for providing
improved performance of the unit. The product is intro-
duced in line 142 and enters the interior of the chiller in
a downwardly direction 116. The product 13A and 13B
is obtained at the-bottom of the unit.

FI1G. 12 is a section of the schematic flow diagram
shown in FIG. 1 and shows in further detail the jack-
eted tank for containing the product, the introduction of
the flavoring feed tank 4, through line 115 to converge
with the product which flows in line 54 and to meet at

156.

FIGS. 13 through 13J show plots of specific heat and
enthalpy versus temperature for various oils.

The solid particulate flavoring agents that can be
used according to this invention are materials having a
melting point in the range of from about 130° F. to
about 195° F. In certain preferred embodiments the
melting point is from about 135° F. to about 60° F.

The encapsulating materials are high-melting edible
solids. In certain embodiments of the invention, it is

‘desirable that the encapsulating materials have melting

points of from about 130° F. to about 180° F. The encap-
sulating agents can be hydrogenated vegetable oils,
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stearins, and edible waxes. It is preferred that fatty
materials such as the vegetable oils or stearins having
melting points of from about 130° F. to about 180° F.
with relatively low free fatty acid and iodine values be
utilized. It has been found desirable that the free fatty 5
acid content of the fatty materials be no greater than 0.1
percent and that the iodine value be about five or less.
Edible waxes can be obtained from vegetable, animal
and/or mineral sources. These in certain desirable em-
bodiments of the invention having melting points of 10
from about 160° F. to about 195° F.

The high-melting point edible soluble materials, as
taught above, include fatty materials and waxes. Certain
materials which are particularly desuable for the prac-

tice of the mventlon include: 15

Material Melting Pt. (F.)
Hydrogenated vegetable oils 130-160
Partially hydrogenated cottonseed oil 141-147
Partially hydrogenated soybean oil 152-158 20
Partially hydrogenated paim oil 136-144 |
Mono- and diglycenides of fatty acids 136-156
Glyceryl monostearate 158
Glyceryl monopalmitate 132
Propylene glycol monostearate 136
Polyglycerol stearate ' 127-135 25
Polyoxyethylene sorbitol beeswax 145-154
derivatives
Fatty acid esters of polycxycthylenc 140-144
sorbitan ~
Polyglycerol esters of fatty acids 135-138
. Beeswax 143-150 30
180-186

Carnauba wax

The encapsulating materials suitable for use in the
present invention include emulsifiers, and in many em-
bodiments emulsifiers for water-in-o1l emulsions. In 35
certain desirable embodiments, the emulsifiers are edi-
ble monoglycerides, sorbitol monoesters, or lecithins.
The monoglycerides are those prepared from edible fats
and oils by know techniques. It has been found desirable
that these materials contain at least 90 percent mono-
glyceride. A variety of lecithins can be utilized; the
lecithins used are preferably oil-free with at least about
95 percent acetone insolubility.

The particulate flavor compositions can also destr-
ably contain a texture condltlomng agent. As used
herein, a texturizing agent is a material which will ab-
sorb or hold the flavor composition. In certain embodi-
ments of the invention, these are desirably silicon diox-
ide, powdered cellulose, or puffed dextnn, maltodex-
trin, and pregelatinized starches.

Silica used as a texture conditioning agent herem has
a particle size n the range of 50 to 200 micrometers.
Such silica may be produced by spray drying aqueous
silica suspension. The porous structure thereby pro-
duced readily absorbs liquids while at the same time
- maintaining the flowability properties of the silicon
dioxide. In certain embodiments of the mnvention, this
stlica can be crushed to reduce the particle size thereof
to less than 20 micrometers. Comminuted silicas such as
those produced from fumed sﬂlca and dehydrated silica 60
gels can also be used.

The powdered cellulose for use with the apparatus of
the present invention can be obtained by a dry mechani-
cal process. Such cellulose powder contains approxi-
mately 90 percent beta-1,4-glucan and 10 percent of a 65
hemicellulose such as xylan, araban, mannan, galactan, -
and the like. The high absorbency of this material for
both fat and water enables it to be used to provide struc-
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ture for the encapsulated powders of certaln embodl-

ments of the present invention.

The dextrin, maltodextrin, and pregelatinized
starches have the capability of absorbing large quanti-
ties of water and oil. They are especially suited for use
with water-based flavoring compositions acccrdmg to
the present invention.

As used herein, the term flavoring compositions in-
cludes one or more materials capable of imparting a
flavor to, enhancing a flavor in, or modifying the flavor
of a consumable material. They can be conventional
flavoring compositions or they can be especially
adapted to improve the flavor characteristics of foods
to be prepared in a microwave oven.

- The quantity of flavoring composition in the solid
flavoring agents can be varied over a range. The quan-
tity thereof will depend upon the particular foodstuff
with which it is to be associated, whether the cooking
will be done totally by microwave heating, a combina-
tion of microwave and induction heating, or by more
conventional methods. The quantity of flavoring com-
position will also vary according to the packaging of
the foodstuff, the length of time expected prior to con-
sumption, the expected storage temperatures and other
conditions, and the overall flavor impression desired. It

-will be appreciated by those skilled in the art that to

some extent the flavor of food is frequently subjectively
evaluated. Consequently, there is room for considerable
variation. The quantity of flavoring composition in the
solid flavoring materials of the invention also will de-
pend upon the quantity of such materials to be added to
the food. If a small quantity is added, the amount of
flavoring material should be larger; the additional larger
quantities of the solid flavoring material can entail the
use of less flavoring composmon

It has been found that it is desirable to use relatively
large quantities of flavoring composition in the particu-
late flavoring material of the invention. This reduces the
amount of solid flavoring material to be added. The
physical form of the solid flavoring material according
to this invention provides for a good distribution of
even small quantities throughout the foodstuff with

~which it is used. Accordingly, it is desirable that the

quantity of flavoring composition be from about 30 to
about 70 percent of the overall composition. In certain
preferred embodiments, the flavoring materials com-
prise from 40 to 60 percent of the particulate flavoring
material.

It will be understood herein that a flavoring composi-
tion i1s one capable of imparting a definite flavor to a
tasteless or bland foodstuff, and a flavor-enhancing
composition is one capable of reinforcing one or more
flavor notes of a natural or other material which is
deficient in flavor. A flavor-enhancing composition
would be useful for improving the flavor of, say, a meat
product, the flavor of which was diminished or undesir-
ably altered by the processing. It will accordingly be
understood that the flavoring compositions can include
flavoring ingredients, carriers, vehicles and the like to

form compositions suitable for imparting a flavor to,

enhancing the flavor in, or altering the flavor of, a food
composition, and such food compositions and the meth-
ods for preparing them are included in this disclosure.
The flavoring compositions can be used to enhance
existing flavors in, or to provide the entire flavor im-
pression to, a foodstuff. They can include organic acids
including fatty, saturated, unsaturated and amino acids,
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alcohols, including primary and secondary alcohols,
esters, carbonyl compounds mmcluding aldehydes and
ketones, lactones, cyclic organic materials including
benzene derivatives, alicyclics, heterocyclics such as
furans, pyridines, pyrazines and the like, sulfur-contain-
ing materials including thiols, sulfides, disulfides and the
like, proteins, lipids, carbohydrates, and so-called flavor
potentiators such as monosodium glutamate, guany-
lates, inosinates, natural flavoring materials such as
vanillin, and the like. It will be appreciated that the
types and amounts of materials selected from the fore-
going groups of materials will depend upon the precise
organoleptic character desired in the finished product
and, especially i the case of flavoring compositions
used to enhance other flavors, will vary according to
the foodstuff to which the flavor and aroma are to be
imparted. Inorganic materials such as sodium chloride
and freshness preservers such as butylated hydrox-
yanisole, butylated hydroxytoluene and propyl gallate
can be added for their adjuvant preservative effects on
the flavoring composition or on the final food composi-
tion itself. -

As noted above, the flavoring compositions can in-
clude carriers such as gum arabic and carrageenen or
vehicles such as ethyl alcohol, water, propylene glycol.
When the carrier i1s an emulsion, the flavoring composi-
tion can also contain emulsifiers such as mono- and
diglycerides of fatty acids and the like. With these carri-
ers or vehicles the desired physical form of the compo-
- sition can be prepared. It will be understood that the
flavoring compositions can initially be in spray-dried,
liquid, encapsulated, emulsified and other forms in
which flavorings are added to foodstuffs.

The particulate flavoring agents for microwave foods
according to this invention can be added to the food
products by the manufacturer during preparation of
the’'microwave foods in the plant. Alternatively, they
can be added by the consumers before putting the mi-
crowave food mto the microwave oven or after the
food is partially cooked in the microwave oven. Among,
these different methods of adding flavors to microwave
foods, the most appropriate and convenient for consum-
ers 1s adding the flavoring during manufacturing of the
food product.
- The present invention provides apparatus for the

chilling of encapsulated flavoring agents. The methods
are based on interaction of the thermal, mechanical, and
electrical properties of the materials. The nature of the
cooling process affects the product. The encapsulated
‘materials are profoundly affected by the transmission
and absorption of electrical energy and by the heat and
mass transfer modes occurring within the product dur-
ing preparation and use. Microwave energy used in
food preparation generally penetrates the materials to a
depth of only a few centimeters.

We claim:
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1. Apparatus for forming spray chilled encapsulated
food additives comprising:

a) an upright vertically positioned enclosure enclos-
ing a working three dimensional space, said enclo-
sure having
1) a vertical central axis;
i1) an upper section surrounding said axis;
1i1) a middle section surrounding said axis vertically

located below and immediately adjacent said

upper section; and |
iv) a lower section surrounding said axis vertically
located below and immediately adjacent said
middle section said enclosure having vertically
enclosing sidewalls surrounding said axis having;
a) an inner vertical surface;
b) an upper circumferential edge atop said upper
section;
c) a lower circumferential edge at the bottom
and said lower section;
d) a top lid horizontally positioned lid supported
by said vertically enclosing stdewalls and lo-
cated on said upper circumferential edge hav-
ing at least one gas exit orifice therethrough;
and
e) a base cover supporting said vertically enclos-
ing sidewalls located on said lower circumfer-
ential edge having at least one solids exit ori-
fice therethrough located within said lower
section horizontally positioned in a first x-y
plane,
first compressed gas transmission means di-
recting a first set of compressed gas mole-
cules along substantially vertical directional
vectors V,; from said lower section towards
said upper section substantially adjacent the
entire circumference of said vertically en-
closing sidewalls located within said upper
sections,

horizontally positioned second compressed
gas transmission means directing a second
set of compressed gas materials along sub-
stantially wvertically direction vectors Vi
from said upper section fowards said lower
section and along a set of directional vectors
Vi extending inwardly and downwardly
from said upper section towards said central
axis and said middle section at an angle be-
tween said direction vectors V; and said
directional vectors Vi and substantially
centrally positioned proximate said first x-y
plane and proximate said central axis, solidi-
fiable molten fluidic substance nozzle feed-
ing means for feeding solidificable molten
fluid particles 1in a substantially vertical di-
rection along directional vector Vg from
sald upper section towards said middle and

lower sections.
: * * * 4
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